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Abstract 
Bacillus Calmette-Guérin (BCG) is a vaccine against tuberculosis and contains a live, attenuated strain of Mycobacterium bovis as its essential 
constituent. Being a live, attenuated strain with potential pathogenicity, BCG can cause different complications, both near the inoculation site 
and through blood dissemination, especially in patients with immunodeficiency. IFN-γR1 deficiency is an autosomal recessively inherited 
immunodeficiency characterized by predisposition to infections with intracellular pathogens, in particular mycobacteria. 
We report a rare case of chronic osteomyelitis lasting 30 years due to BCG in a woman with IFN-γR1 deficiency who had previous clinical 
history of multi-organ BCGitis. Diagnosis of chronic osteomyelitis was confirmed by an 18-fluorine fluorodeoxyglucose positron emission 
tomography combined with CT scan (18F-FDG PET/CT).  
In children with a history of BCG vaccination and chronic unexplained infections, a clinical suspicion of BCG-related disease must arise, and 
a reason of immunodeficiency should be sought.  
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Introduction 

Bacillus Calmette-Guérin (BCG) is a live, 
attenuated strain of Mycobacterium bovis, which is part 
of the Mycobacterium tuberculosis complex. The BCG 
vaccine strain was obtained from an isolate of M. bovis 
and it was used for the first time as a human vaccine in 
1921. BCG vaccine continues to be the only licensed 
vaccine against tuberculosis (TB) [1]; it provides 
protection against severe forms of TB in infants and 
young children, but can cause different complications, 
both locally near the inoculation site and remotely 
through blood dissemination [2]. Today the World 
Health Organization (WHO) recommends a single dose 
of BCG vaccine as part of childhood immunization 
programs only in countries with a high prevalence of 
TB. In countries with low TB incidence rates, like Italy, 
it is now limited to neonates and infants in recognized 
high-risk groups. These groups include all tuberculin 
skin test (TST)-negative immunocompetent newborns 
and breastfeeding infants aged < 6 months, and all TST-
negative children aged between 6 months and 5 years 
moving to highly epidemic areas or whose parents come 

from highly endemic areas, or who have been in contact 
with a family member with active TB without 
contracting the disease themselves. The vaccine is also 
recommended for prisoners, health care workers and 
prison workers [1]. Change in the epidemiologic 
situation supports the choice of improving contact 
tracing, diagnosis and treatment [1,3-5]. Our report is 
about a rare case of chronic osteomyelitis due to BCG 
who was successfully treated with a multi-drug 
regimen. The report focuses on the pressing need to 
define diagnostic and therapeutic pathways for the 
management of complications resulting from the BCG 
vaccine. Indeed, to date there is no unanimous 
consensus on the regimen of drugs to be used and on the 
duration of such treatments [6,7]. 

 
Case Report 

A 30-year-old woman with a family history without 
noteworthy pathologies, was admitted to the Infectious 
Diseases Unit of A.O.U.P. P. Giaccone of Palermo, 
Italy, on April 2017 with chronic osteomyelitis mostly 
involving the right wrist. Her medical history revealed 
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that she was vaccinated at birth with BCG 
intracutaneously in the left gluteal area because she was 
the daughter of Italian immigrants who were considered 
at high risk of tuberculosis infection at that time. After 
48 hours a left inguinal abscess with lymphadenopathy 
with spontaneous perforation developed. Lymph node 
biopsy showed a granulomatous lymphadenitis with 
acid–fast bacilli, and the culture yielded a BCG strain. 
She was first treated with isoniazid alone, but she 
developed a right humerus fracture after one month, and 
radiological examination indicated osteolytic regions in 
the right ulna and clavicle, as well as in the lower limbs. 

A diaphysectomy was required and, ethambutol and 
rifampicin were administered in addition to isoniazid. 
Treatment with antibiotics lasted four years. 

Because of recurrent lung infection episodes and 
bronchoscopic signs of granulomatous tissue occluding 
the major left bronchus and carrying acid-fast bacilli, 
the patient had a left pneumonectomy when she was 8 
years old. An impaired immune response was suspected 
and a partial innate interferon– γ (IFN) receptor R1 
defect was detected by molecular analysis. At the age 
of 12, the patient developed right supraclavicular and 
left mammary masses and a lacrimal gland infiltration. 
Incision and drainage showed caseous degeneration and 
acid–fast bacilli in the specimen. Rifabutin 300 mg 
once a day and pain therapy were started and lasted for 
18 years till she was admitted to our Unit. The patient 
received the therapy with excellent adherence and 
without side effects. 

At the age of 30 when she was admitted to our Unit, 
the patient was apyretic and complained of pain in 
multiple joints. Magnetic resonance imaging (MRI) 
showed a bone marrow oedema, bone expansion, lytic 
areas and periosteal reaction of the right wrist. 
Computed tomography (CT) scan showed lytic bone 

lesions, interesting right humerus distal epiphysis and 
carpus bilaterally. Quantiferon TB Gold was negative. 
There was no growth in three sputum samples and three 
urine cultures. An 8-fluorine fluorodeoxyglucose 
positron emission tomography combined with CT scan 
(18F-FDG PET/CT) confirmed a pattern of osteolytic 
lesions with high inflammatory activity. Treatment with 
isoniazid (300 mg once daily), rifampin (600 mg once 
daily) and ethambutol (1200 mg once daily) was started 
and continued for two months. Isoniazid and rifampin 
were continued for another two years. The patient 
improved, she didn’t need pain therapy anymore, and a 
18F-FDG PET/CT showed lower number of lesions of 
high intensity 18F-FDG uptake. However, because of 
her intricate history and the immune defect, the patient 
is still under observation at our outpatient clinic. Figure 
1 shows a timeline of historical and current information 
from this case report. 

 
Discussion 

Inoculation with live BCG vaccine is harmless in 
most children although it occasionally leads to a benign 
regional adenitis [8]. The incidence of disseminated 
BCG infection is 0.5-2 cases per million vaccinated 
children [9]. Possible complications following BCG 
vaccination are more prevalent in the 
immunocompromised hosts [10-14]. IFN-γR1 
deficiency is an autosomal recessively inherited 
immunodeficiency characterized by predisposition to 
infections with intracellular pathogens, in particular 
mycobacteria [13-15]. BCG is also the gold-standard 
adjuvant treatment for urothelial cancer of the bladder. 
Immunotherapy with BCG is generally considered safe 
but post-instillation disease could occur and could be 
both localized and disseminated [16,17]. The prognosis 
appears to be worst after BCG vaccination, probably 

Figure 1. Timeline of historical and current information from this case report. 

INH: isoniazid; RMP: rifampin; ETB: ethambutol; yrs: years. 
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because of the higher virulence of BCG as compared 
with most atypical mycobacteria, the higher number of 
infecting BCG organisms, or the direct intradermal 
inoculation of BCG as opposed to natural routes of 
infection with atypical mycobacteria [18]. The 
association between susceptibility to infection and IFN-
γ receptor defects was first described by Kamijo et al. 
[19] who inoculated IFN-γ receptor-deficient mice with 
BCG. They observed the inability of these mice to 
produce tumor necrosis factor α (TNF-α), IL-1α, and 
IL-6 after the infection. In addition, these mice did not 
develop well-defined granulomas and were unable to 
kill mycobacteria [19]. 

Mycobacteria live and multiply within 
macrophages. When macrophages recognize 
mycobacterial pathogen-associated molecular patterns 
through their Toll-like receptors (TLRs), they trigger 
production of different cytokines. IL-12 secretion has a 
crucial role in host defense against mycobacteria. IL12 
is produced by macrophages after endocytosis of 
mycobacteria and induces activation and differentiation 
of T cells into T-helper 1 subpopulations and CD8+, 
which, in turn, secrete IFN-γ. IFN-γ binds to subunit 1 
(R1) of its receptor, and, after recruitment of subunit 2 
(R2), starts the signaling via Jak/signal transducer and 
activator of transcription 1 (STAT1). STAT1 induces 
the production of reactive nitrogen intermediates (RNI) 
and tumor necrosis factor alpha (TNF-α), which are 
crucial for control of acute tuberculosis. Therefore, the 
absence of R1 in macrophage prevents the RNI and 
TNF-α production [20]. 

Jouanguy et al. reported a case of disseminated 
infection caused by the BCG strain. The analysis of the 
gene encoding IFN-γR1 showed existence of a 
mutation, which resulted in the elimination of 
nucleotide 131 (C) in exon 2 and formation of a 
premature stop codon [18]. Two other mutations were 
subsequently described: a mutation which consists of a 
replacement of adenine for cytosine located at position 
395 and causing a premature stop codon in the sequence 
of IFN-γR1 [21] and a deletion of 4 nucleotides at 774 
(774del4), resulting in generation of a premature stop 
codon [22]. The first mutation caused in 4 children from 
Malta a disseminated atypical mycobacterial infection; 
the second mutation was described in a Japanese girl 
who was vaccinated with BCG at 4 months of age. The 
patient developed regional lymph nodes inflammation 
two months after administration of the vaccine and a 
multifocal osteomyelitis at 12 years of age. Currently, 
twenty-seven unique mutations causing complete IFN-
γR1 deficiency have been identified. These are all small 
variations, and the largest deletion is only 22 

nucleotides long. However, a large genomic deletion 
removing IFN-γR1 entirely and causing complete IFN-
γR1 deficiency in three related patients has been 
recently described [21]. All but one patient developed 
mycobacterial infection [23]. 

BCG post-vaccination-disease in pediatric patient 
can onset weeks or months after the vaccination with 
various patterns classified in regional (persistent ulcer, 
abscess, fistula, or lymphadenopathy limited to the 
region of inoculation), extra-regional (osteitis or 
cutaneous abscess) and disseminated disease. Our 
patient presented only a localized form at the beginning 
but later developed a disseminated disease involving 
lungs and skeleton because she suffered from an innate 
defect of IFN-γR1 with autosomal recessive 
inheritance. In our case, the dissemination of infection 
was evidenced by the isolation of BCG strain from 
different body parts. Complete IFN-γR1 deficiency 
predispose individuals to overwhelming infection in 
early childhood, which may respond to antibiotics but 
relapse when antibiotics are discontinued [13]. 

So far, the multi-drug treatment has been 
successful, and the patient has reported no side effects 
two years after finishing treatment. Because complete 
recovery from disseminated BCG is improbable, the 
patient is currently being monitored at our outpatient 
clinic and may be referred for a hematological 
evaluation if symptoms return. The existence of 
different BCG strains has been described since the 
1940s. Different BCG vaccine strains have evolved 
throughout time and differ from the first BCG 
introduced in 1921. These strains vary based on several 
laboratory properties, which may or may not translate 
into a discernible effect on vaccination, on safety, and 
more specifically on the rate of BCG dissemination. 
Unfortunately, we do not have information on the BCG 
strain administered to our patient, therefore we are not 
able to correlate the responsible strain to severity of 
clinical manifestations identified [24, 25]. In any case, 
rapid discrimination between complete IFN-γR1 
deficiency and other defects is an important diagnostic 
step for planning clinical management. 

Underlying deficiencies and history of recurrent 
infections should be carefully evaluated and signs and 
symptoms must be sought before administering the 
vaccine. Neonatal BCG vaccine is included in many 
standard vaccination schedules around the world and 
we suggest that, depending on the epidemiological data 
in some clinical settings, postponing the BCG 
vaccination to a later time could help to avoid giving it 
to immunodeficient infants [26]. 
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To summarize, in children with a history of BCG 
vaccination and chronic unexplained infections, a 
clinical suspicion of a BCG-related disease must arise, 
and a reason of immunodeficiency should be sought. 

 
Conclusions 

Several aspects related to cardiovascular risk 
factors were found to move in a negative direction 
during the lockdown period, including physical activity, 
changes in weight, and inadequate blood pressure 
control. A substantial portion of patients also failed to 
attend their follow-up visits and reported a worsening 
of cardiovascular symptoms. However, this study is a 
survey in only a single center. In the future, it is 
necessary to conduct surveys with larger number of 
patients with a larger scope in order to fully understand 
the effects of lockdown on patients with chronic 
underlying cardiovascular diseases in middle-income 
countries such as Vietnam. 
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